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Abstract:
Hematodinium perezi is a lethal parasitic dinoflagellate that lives in the hemolymph
of brachyuran crabs. The parasite is found along the eastern seaboard of the USA where it occurs
in epizootics in the commercially important blue crab, Callinectes sapidus. Crab mortalities
associated with the disease occur in high salinity waters, typically in poorly draining estuaries.
The parasite is prevalent in the seaside bays of the Delmarva Peninsula in the spring and fall, and
spreads to the lower reaches of Chesapeake Bay in the fall. In October 1996, the prevalence of
the disease along the Virginia portion of the Delmarva Peninsula varied from 20 - 50% in legal
crabs. Lower prevalences ( 1-10%) were noted for crabs caught between Cape Henry and Cape
Charles, i.e., the mouth of the bay. In November, the prevalence of the disease was notably
higher in crabs caught between Cape Henry and Cape Charles (10-30%). The disease can spread
into the breeding grounds of adult female crabs, but its prevalence is generally low during the
prebreeding and ovigerous season. In Spring and Fall, 1997, the disease had a higher prevalence
in the coastal bays and creeks. Infected crabs frequently show signs of weakness and lethargy,
and often die due to stress-related handling from fishing. The parasite proliferates to extremely
high densities in the host (up to 100 million parasites/ml of hemolymph) over 3 to 6 weeks. The
hemolymph undergoes radical changes as evinced by its lack of clotting ability, and marked
discoloration. Hemolymph levels of total proteins and acid phosphatase activity change with
infection, and indicate a gradual decline in the hosts metabolic resources. The effects of other
species of Hematodinium on several crab and lobster fisheries, and data from the present study
indicate that H. perezi may have a significant impact on the coastal blue crab fisheries along the
Atlantic seaboard of the USA.

Executive Summary

The blue crab industry harvests from 80-120 million pounds from Chesapeake Bay annually; of
that, approximately 10-14 million pounds are soft-shell crabs (Maryland DNR, 1997; Virginia
Marine Resources Commission, 1994). Recent outbreaks of the lethal parasite, Hematodinium
perezi, have had an impact on the coastal fishery of the Delmarva peninsula. Both sectors of the

fishery (hard and peeler crabs) are affected by the parasite. The present study undertook to study
the epizootiology and pathology of the disease in the blue crab. Patterns in the prevalence and
distribution of the parasite were examined via a broad-scale sampling survey (trawl and dredge),
regular monthly sampling (pot and trap), and focused sampling (trawl and dredge) on the major
spawning grounds of the blue crab. In total, hemolymph samples were taken from over 4100
crabs.
Hematodinium perezi was present in the lower reaches of Chesapeake Bay. The prevalence of

the parasite in Chesapeake Bay was low in Winter, Spring, and Summer, 1996, but rose to
moderate levels in Fall, 1996. A similar pattern was observed in the two reference locations on
the Delmarva Peninsula, with prevalence increasing in Spring, 1997, and becoming high in Fall,
1997.
The disease occurred at low to moderate levels on the spawning grounds near the mouth of the
bay. Prevalence was, however, highest during nadirs in host spawning activity. Migrating and
overwintering females and juveniles may be at some risk to the disease, but low temperatures
(<l 0° C) may reduce or kill infections (Messick, unpubl. data).
Two host factors, sex and the molt cycle, exhibited significant associations with the disease.
More male crabs were infected than were females, and the results were consistent given the
segregation between sexes. Limited data from proliferation experiments, and results from total
protein levels in the hemolymph support the fact that the disease differs in its pathological effect
between the sexes. In addition, the parasite inhibits the molt cycle of the crab. More infected
crabs were found in the intermolt stage than in other parts of the molt cycle. Cessation of the
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molt cycle is probably due to the metabolic drain of infection.

Many parasitic diseases in

crustaceans limit molting or result in a terminal molt. General host condition (natural damage
such as limb loss) has yet to be examined in relation to disease.
Proliferation and injection studies uncovered several aspects of the biology of H. perezi. The
parasite proliferates rapidly in the blue crab, and can kill its host within 3 to 6 weeks. Infections
become virtual monocultures and can reach densities of 100 million parasites/ml of hemolymph.
In early infections, the host response includes an increase in circulating granulocytes; yet, later
infections show a severe decline in hemocyte densities. Parasite densities fluctuate over the time
course of the infection, and do not undergo continuous log growth until host death. Early occult
infections take approximately 1 to 3 weeks to become detectable via standard methods. Needle
injections have been used to serially transfer plasmodia and trophonts to different hosts. Needle
transfers allow the continued study of infected crabs during periods of low prevalence, and insure
a large number of crabs for various mortality and pathophysiology studies.
Hemolymph levels of total proteins and acid phosphatase activity change with infection, and
indicate a gradual decline in the hosts metabolic resources. Total protein levels differed between
host sexes. Female crabs did not show declines in protein levels whereas males exhibited a
significant decline especially in heavy infections. Acid phosphatase activity was high in infected
crabs and was a result of intracellular activity due to the parasite.
While the data are circumstantial, the low prevalence of the parasite in 1996 may have been a
result of unseasonably low temperatures, and high rainfall during that year. In 1997, there were
high temperatures, and drought, and the parasite exhibited an increase in prevalence at the
reference locations. I speculate that since the parasite is affected by salinity (Newman & Johnson,
1975), and appears to be affected by low temperatures (Messick and Van Heukelem, unpubl.
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data), that environmental lows may keep the disease in check, and may limit outbreaks from year
to year. Such environmental regulation has been noted for many terrestrial host-parasite systems.
Lastly, continued studies on the disease are justified given the value of the region's blue crab
fishery, and the impact of other species of Hematodinium on several commercially important crab
and lobster fisheries.

iv

TABLE OF CONTENTS
Introduction
A. Identification of problem

6

B. Project goals and objectives

8

Approach

8

Methods

8

Results

12

Task 1. Primary Objective

12

Extent of Hematodinium perezi in lower Chesapeake Bay

12

Subtask (A): Broad-scale survey

12

Subtask (B): Presence of disease in spawning grounds

13

Subtask (C): Evaluation of larvae as hosts

14

Task 2. Secondary Objective: Characterization of host factors

14

Task 3. Secondary Objective: Pathology of disease

16

Findings (Discussion)

20

Evaluation of Project

23

Literature Cited

25

Five Tables and Twelve Figures are presented at the end of the document.

5

INTRODUCTION
A. Identification of priorities/problem(s)
Epizootics 1 of a parasitic dinoflagellate have recently occurred in the blue crab, Callinectes

sapidus, from coastal bays of Maryland and Virginia. The dinoflagellate, Hematodinium perezi, is
an internal parasite of blue crabs.

It lives in the hemolymph of its host where it is highly

pathogenic, eventually killing the crab. The disease occurs in blue crabs from the high salinity
waters off Florida to Virginia, and the Gulf of Mexico (Newman & Johnson, 1975; Messick &
Sinderman, 1992). A prevalence of30% was reported from Florida, where its impact on the crab
population was thought to be high (Newman & Johnson, 1975).

Epizootics have reached

prevalences of high as 70% to 100% from coastal bays in Maryland and portions of eastern
Chesapeake Bay in Virginia (Messick, 1994; Shields, unpubl. data). The parasite does not occur
in low salinity waters (Newman & Johnson, 1975), hence it appears limited to the coastal blue
crab fisheries.
In Virginia and Maryland, H. perezi has caused serious losses to the crab fishery of the Delmarva
Peninsula (Messick, 1994; S. Rux, and M. Oesterling, pers. comm.). As recently as 1991 and
1992 an epizootic of the parasite occurred in crabs from seaside and bayside locations of the
Eastern Shore. Watermen reported reduced catches and lethargic, moribund and dead crabs in
pots and shedding facilities. The epizootic virtually shut down the blue crab fishery in seaside
bays of the Eastern Shore of Virginia (S. Rux & M. Oesterling, pers. comm.).
mortalities have had an impact on the livelihood of the affected watermen.

The crab

While the latest

epizootic has subsided, the parasite is still present at moderate levels (present study).
The Delmarva Peninsula with its shallow lagoons and backwaters may be an ideal region for the
growth and spread of the parasitic dinoflagellate in blue crabs. The peninsula possesses several
characters that may facilitate epizootics of H. perezi, including relatively closed crab populations
1

Epizootics are epidemics in animal populations.
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(i.e., those with little immigration and emigration of juveniles and adults), relatively little water
exchange between the open ocean and backwaters, and stressful conditions such as heat stress,
seasonal hypoxia, seasonal fishing and predation pressure (Shields, 1994).

Similar conditions

exist in many small estuaries along the mid-Atlantic and southeastern USA.
Recent outbreaks of other species of Hematodinium in Alaskan stocks of the tanner crab,

Chionoecetes bairdi, have caused severe declines in certain crab populations (Meyers et al., 1987;
Meyers et al., 1996). Localized epizootics wherein 80-95% of the crabs were infected have led to
effective losses to the fishery of 10-48% of the catch (Meyers et al., 1990). The parasite has
recently been found in stocks of snow crabs (C. opilio) from eastern Canada (Taylor and Khan,
1995), where its distribution and prevalence are increasing (Taylor, pers. comm.). The Scottish
fishery for Norway lobster, Nephrops norvegicus, exhibited prevalences of a different species of

Hematodinium at 70% in trawled samples (Field et al., 1992; Field & Appleton, 1996). Mortality
estimates of the infected hosts were 2 - 4 times that of uninfected hosts. The French fishery for
the velvet crab (Necora puber) suffered a virtual collapse in the mid 1980s as a result of H. perezi
(Wilhelm & Miahle, 1996), and the rock crab (Cancer pagurus) fishery reported high levels of the
disease off Brittany (Latrouite et al., 1988).

In Australia, a recently described congener, H.

australis, occurs in stocks of two important commercial crabs, Portunus pelagicus and Scylla
serrata, and a potential reservoir host, Trapezia spp. (Shields, 1992; Hudson et al., 1993; Hudson
& Shields, 1994).
Blue crabs support the second largest fishery in Chesapeake Bay.

Landings in Virginia are

reported from 40 to 50 million pounds per year (Figure 1); of that, approximately 5-7 million
pounds are soft-shell crabs (Virginia Marine Resources Commission, 1994).

Given the

importance of the fishery to the region's economy, it is imperative that we know more about the
epizootiology and pathology of Hematodinium perezi.

The effects of different species of

Hematodinium on other crab and lobster fisheries indicate that H. perezi may significantly impact
the blue crab fishery of Chesapeake Bay, and may potentially threaten other blue crab populations
along the Atlantic seaboard of the United States.
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B. PROJECT GOALS AND OBJECTIVES

The goal was to clarify the potential threat of this parasite to the blue crab fishery by better
understanding its epizootiology and pathology.
The primary objective was to (1) determine the extent of the parasite around and within
Chesapeake Bay. This included (a) a broad-scale survey and a monthly study of the prevalence
and intensity of the parasite from different high salinity locations, (b) an assessment of the
parasite's prevalence and potential impact on breeding crabs in and adjacent to their sanctuary at
the mouth of Chesapeake Bay, and (c) an evaluation of whether larval crabs (megalopae) were
infected. Secondary objectives were to (2) characterize the host factors (i.e., molt stage, size,
host density) that may be important to the life history and pathology of the disease; and (3)
describe the pathology of the parasite in the blue crab to give a better picture of its effect on the
host.
APPROACH
METHODS

Collection sites
Blue crabs were collected from the coastal bays and creeks on the "seaside" (e.g., Red Bank
Creek, Wachapreague), and 11 bayside11 (e.g., Nassawadox Creek, Hungars Creek, Cape Charles)
of the Delmarva Peninsula, and from many locations within the mainstem of the lower Chesapeake
Bay (Figures 3 and 4). Additional collections were made in the York, James, and Rappahannock
Rivers. Regular monthly sampling was done via pot and trap fishing (Mr. Seth Rux) at two
reference locations: bayside at Hungars Creek, and seaside at Red Bank Creek. Since 1996 was
one of the coldest and wettest years on record (i.e., an anomalous year for studying temperature
and salinity relationships), sampling was continued in 1997 from the lower Chesapeake Bay and
the two reference locations.
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Collection method
Crabs were collected by a number of methods. The broad-scale sampling was done in conjunction
with the VIlv.lS Trawl Survey (April through December), and the VIlv.lS Blue Crab Dredge Survey
(November through March). Additional samples were collected via trawl. In most cases, crabs
were chilled on ice for transportation to the laboratory. Up to 60 crabs from each trawl or dredge
were examined for Hematodinium perezi. We sampled all of the crabs over 28-30 mm CW from
most of the sites in the VIlv.lS Dredge Survey. Low salinity locations (e.g., York River near West
Point) were not sampled for the disease, but subsamples (n=60-75) of several hundred crabs were
sampled from the York River.

The York River samples represented a baseline for future

reference. Temperature, salinity and dissolved oxygen were recorded for each station in the
Trawl and Dredge Surveys.
Crab larvae were obtained from Dr. Rob Brumbaugh (Old Dominion University, now with
Chesapeake Bay Foundation).

Different lots of zoeae, megalopae, and young-of-the-year

juveniles were collected near Oyster, Virginia (seaside) in 1994 and 1995. Larvae were collected
passively on plastic horsehair air filters as in van Montfrans et al., (I 990), and actively via
plankton tows from a pier. They were immediately placed in either 10% formalin in seawater or
in 70% ethanol.

Larval stages were processed through routine histological procedures

(hematoxylin and eosin) for the analysis.
Hemolymph analyses
All of the juvenile and adult crabs were sexed and measured with calipers. Crab sex, size,
condition (maturity, natural vs. trawl damage), molt stage, and collection location were recorded.
Crab hemolymph was removed from the axillae of the 5th walking leg using a 25 or 27 ga. needle
on a tuberculin syringe. The hemolymph was examined as a wet smear, with an additional smear
being processed and stained as described in Messick (1994). Briefly, acid-cleaned, poly-1-lysinecoated microslides were smeared with 2-3 drops of fresh blood, allowed to sit for 2-3 min, then
fixed in Bouin's fixative. The smears were then processed through a routine hematoxylin and
eosin procedure. Wet smears were read at 400x, prepared smears with oil immersion at 1000x.
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The intensity of infection was examined using the proportion of parasites (trophs and plasmodia)
to the total number of host cells multiplied by I 00, thus, giving a density estimate of parasites per
I 00 host cells.
Hemolymph constituents
Hemolymph samples were drawn with a sterile syringe, and placed in a microcentrifuge tube. The
samples were iced, then frozen at -20 C until processed. Total proteins were analyzed with the
Biuret method using a standard kit (Sigma #541), and read with an absorbance maximum at 540
run. Acid phosphatases were measured using the method of (Andersch & Sczypinski, 1947) using
a standard kit (Sigma #104), and read with an absorbance maximum at 420 run. For statistical
analyses, samples that were below the minimum detectable level were assigned a value of half the
minimum detectable level. [NB: This is a conservative approach for the statistical analysis.]
Statistical analyses
For the statistical analyses, contingency tables using chi-square tests were used to analyze
relationships between prevalence of the parasite and different host factors (sex, maturity status,
size class, molt stage, location). ANOVA was used to analyze relationships between intensity of
infection and crab size, and ANCO VA was used to examine differences in size, location, and
infection status.
Histology
The pathology of Hematodinium perezi was investigated using standard techniques in light
microscopy. Various tissues (e.g., muscles, gut, antennal gland, gills, heart, etc.) were fixed in
Davidson's Fixative (alcohol-formalin-acetic acid) or Bouin's Fixative (picric acid, formalin, glacial
acetic acid), processed through an alcohol dehydration, and embedded in paraffin. Sections were
cut at 4-6 um, and stained with hematoxylin and eosin (Humason 1979).
For electron microscopy, crab tissues were fixed on ice for one hour in 2.5% glutaraldehyde, 2%
paraformaldehyde, in 0.1 M sodium cacodylate buffer (pH 7.4). Tissues were then rinsed twice
(10 min) in the sodium cacodylate buffer, post-fixed for one hour in 1% osmium tetroxide in
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buffer then dehydrated through an alcohol series (10 min. per step), embedded in a series of
Spurr's resin mixed with alcohol prior to final embedding in the standard Spurr's formulation at
70° C overnight. Sections were cut with an ultramicrotome, stained with uranyl acetate, and lead
citrate, and viewed with an electron microscope. [The electron microscopy data are not presented
here.]
Proliferation and. injection studies
Observations on the proliferation of the disease were undertaken in two studies. In the first study,
infected crabs were held for observation individually in 10 gal aquaria (static, charcoal-filtered
seawater), and their hemolymph sampled regularly as described above.

In the second study,

unexposed, naive crabs were injected with infected hemolymph containing either plasmodia or
trophonts. Infected hemolymph was taken from an infected crab, the density of the parasites was
counted with a hemocytometer, and 100 ul of hemolymph containing known quantities of the
parasite (103-105 plasmodia or trophonts) were injected directly into the axillae of the 5th walking
leg of uninfected, naive crabs. Naive crabs were obtained from areas outside the enzootic region,
and their hemolymph was examined prior to the challenge.

Controls consisted of injecting

uninfected hemolymph into uninfected crabs, and handling uninfected crabs similarly. The controls
served as comparisons for the onset and severity of the infection in the challenged ( exposed,
injected) crabs, as well as for monitoring survivorship. Crabs were individually housed in 10 gal
aquaria (static, charcoal-filtered seawater).

Water temperatures varied from 18-23° C, and

salinities were held at 24, or 28 ppt. The onset and course of the infections were monitored via
weekly hemolymph smears (as described above).
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RESULTS
Task 1 - Primary Objective: Extent of Hematodinium perezi within the lower reaches of the
Chesapeake Bay.

In 1996, a total of 3259 crabs were sampled. Of these, 733 were sampled in the Winter, 446 in
the Spring, 871 in the Summer, and 1209 in the Fall. Our collection gear was biased toward
mature crabs. Since most of the sampling was done in the mainstem of the bay, we collected
more female crabs than males (1940 vs. 1239, respectively). A total of 111 crabs were infected,
with virtually all of the infections occurring in the Fall.
In 1997, a total of 870 crabs were sampled. Of these, 6 were sampled in the Winter, 148 in the
Spring, 358 in the Summer, and 358 in the Fall.2 At least 47 crabs were infected, with the
infected crabs evenly spread through the three seasons.

Hematodinium perezi exhibited a strong seasonal component to its prevalence and distribution in
Chesapeake Bay (Figure 2). In 1996, the prevalence at Red Bank Creek (seaside reference
station) was minimal until the Fall, when it skyrocketed to over 40% of the crabs. Yet, in 1997,
the prevalence in the Spring was already at 14%, and remained at 20-25% through the Summer
months.

The different climatic extremes between the two years may have had significant

environmental influence on the spread of the disease. 3
The prevalence and distribution of infected crabs varied significantly within the lower Chesapeake
Bay (Figure 3). In Winter, 1996, we documented the presence of the disease in crabs from
Mobjack Bay and the mouth of the York River. This represents the farthest penetration of the
parasite into the western reaches of the bay. While not examined in detail, numerous dead crabs
The total does not reflect the continued sampling into December, 1997. In addition, at the time of this report,
few of the prepared slides had been screened from the late Summer and Fall sampling periods. [Data are from wet
smears.]
2

3

Recall that 1996 was one of the coldest, wettest years on record, while 1997 was a drought year.
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were found at several stations during the dredge survey. The animals had been dead too long to
obtain quantitative results. However, extreme cold conditions may cause mortalities (Van Engel,
1987; Hill et al., 1989).
In the Spring and Summer, 1996, the parasite was rare in all of the locations sampled. In the Fall,
1996, a limited outbreak was documented along the Eastern Shore, at the mouth of Chesapeake
Bay, and at several stations along the southeastern portion of the bay (Figure 3). The prevalence
of the disease along the Virginia portion of the Delmarva Peninsula varied from 20 - 50% in legal
crabs. Lower prevalences (1-10%) were noted for crabs caught between Cape Henry and Cape
Charles, i.e., at the mouth of the bay. In November, the prevalence of the disease was notably
higher in crabs caught between Cape Henry and Cape Charles (10-30%).
In 1997, H. perezi festered at moderate prevalences (10-20%) at both the seaside and bayside
reference stations. In the Summer and Fall, 1997, the prevalence and distribution of the disease
were higher than that observed in 1996. The disease was present at both reference locations
during the Spring and Summer of 1997. The high prevalence of the parasite in Spring, 1997, and
its increase at Hungars Creek (bayside), may have been related to the low rainfall and warm
temperatures experienced during 1997. Hungars Creek had a surprisingly high prevalence of 20%
during September, 1997. This creek is located over 30 miles from the bay mouth on the bayside
of Delmarva Peninsula.

Subtask (B): Assessment of disease in crab breeding grounds
In 1996, the prevalence of the parasite was low during the prebreeding and ovigerous season
(Figure 3), but moderate to high later in the ovigerous season. In 1996, rainfall was very high in
many of the watersheds of the bay, and the Delmarva Peninsula. The lower salinities coupled with
cooler average temperatures may have limited the spread of the parasite that year. In 1997, the
prevalence of the parasite was low to moderate during the ovigerous season. The increased
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prevalence in adult female crabs, and the heavy infections observed in some ovigerous crabs,
indicated that the disease may potentially kill a modest portion of the preovigerous and ovigerous
crabs, and may overwinter in the spawning grounds under favorable conditions to the parasite.
Most of the crabs collected from the lower bay (Mouth, and LB South East) were in or adjacent
to the various Crab Management Areas/Sanctuaries designated by the Virginia Marine Resources
Commission (Figure 4). These sanctuaries are designed to protect preovigerous and spawning
populations during sensitive portions of their life cycles. Hematodinium perezi was found at
higher prevalences in female crabs from within the sanctuary than from females taken in the
tributaries. Prevalences of 1.0 to 13.3% were noted within the boundaries of the crab sanctuari.es
during Fall, 1996, and Fall, 1997.

The fall peak in prevalence in mature females, and the

predilection of the disease for juvenile crabs (Messick, 1994), indicates that during epizootics the
disease may threaten reproduction in the sanctuaries, and could impact on survivorship of the next
season's harvest.
Subtask (C): Evaluation of megalopae as hosts
Crab larvae, zoeae and megalopae, were collected near Oyster, Virginia, in 1994 and 1995. 4 Only
lots from late Summer and Fall collections were examined.

None of the larval crabs were

infected, but the sample size (n=55) was too small to detect low prevalences. Additional samples
are being processed to examine this issue in more detail.
Task 2 - Secondary Objective: Characterization of host factors that may be important to
the disease process.
In Fall, 1996, significantly more male crabs were infected than females (Table 1). This finding is
interesting because our sample method was biased toward male crabs from creeks and rivers, and
females from the mainstem of the bay. Given that males and females segregate during their adult

Dr. Rob Brumbaugh (Old Dominion University, now with the Chesapeake Bay Foundation) provided the
quantitatively sampled collections of blue crab larvae. Several lots were selected for examination.
4
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lives, the finding was consistent in two of the four sites where the sexes overlapped in large
enough numbers to examine within-site differences (Table 2; Fishermen's Id, Lower Bay South
East, vs. Wachapreague Inlet, Bay Mouth).
Limited proliferation data, and results from the total protein assays (see below) suggest that the
disease may have a different time course in females. Infected females may survive longer, and
may show a less rapid depletion of resources than their male counterparts. Since female crabs
have a larger lipid reserve than males, females may have more resources available to counter the
infections, or may simply take longer to show signs of the disease. The prevalence data neither
supports nor refutes this speculation.
The crab molt cycle was inhibited by infection with Hematodinium perezi. A significantly higher
proportion of infected crabs were found in the intermolt stage than in other stages of the molt
cycle (Table 3). This finding was consistent between sexes. Only mature crabs were used in the
analysis for consistency in such factors as terminal molts, and increased molting frequencies by
juveniles. On at least four occasions, lightly infected crabs were, however, observed to molt,
survive ecdysis, and progress to the intermolt stage (results of injection, and progression studies;
Shields, pers. obs.).
Correlations between disease status and general host condition (natural injuries, missing limbs,
etc.) have not been analyzed.

The data have been collected and collated but they require

conversion (from categorical data to numerical data) for analyses.
We also examined hemolymph from several other crab species including Callinectes similis, C.

ornatus, Cancer irroratus, Ovalipes ocellatus, and Libinia emarginata.

None of the other

species showed signs of the infection, but sample sizes were very low (from 1 to 6). Note that H.

perezi has been reported from Cancer irroratus, C. borealis and Ovalipes oce/latus (MacLean &
Ruddell, 1978).
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Task 3 - Secondary Objective: Pathology of disease
Aspects of the life cycle
In the blue crab, the parasite occurs in the hemolymph where it is found in four different stages
(Figure 5). The motile plasmodium is found in early infections, and probably arises from an
infectious dinospore. The trophont occurs in at least two morphologically different stages: an
amoeboid form with few, small retractile granules, and a large rounded form with many, large
retractile granules. The latter may represent a sporont as it is generally observed in later stages of
infection. Dinospores are rarely observed in the hemolymph. I have only observed them on three
separate occasions. In fatal infections few host cells remain, and rounded forms of the parasite
(pres pore or effete stage) are often observed in the hemolymph. In addition, effete stages of the
parasite from fatal infections are typically associated with large quantities of cellular debris in the
hemolymph.
Basic hemolymph chemistry
Hemolymph levels of total protein levels and acid phosphatase activity were examined as an initial
characterization of pathological changes in infected crabs. Total protein levels were significantly
different between infected and uninfected male crabs, but not between similar female crabs (Figure
6). Lipoprotein levels, an important confound in females, was not considered in the analysis.
Lipoproteins are associated with oogenesis and vitellogenesis, and

are mobilized in the

hemolymph during these processes. In addition, gonadal indices (a crude but efficient marker of
the reproductive state of the host) was not measured. Hence, total protein levels may change in
infected females when gonad indices are considered. For male crabs, the data are consistent with
that observed for hemocyanin concentrations in Norway lobster (Field et al., 1992).
Acid phosphatase activity in the hemolymph varied significantly with infection of the host (Figure
7). Diseased crabs had much higher levels of acid phosphatase activity in their hemolymph, and
significantly more infected crabs had detectable levels of the enzymes (Table 4). The influence of
host sex was not examined in detail, but given the low levels of enzyme activity in uninfected
animals, it is doubtful that differences would be observed.
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The acid phosphatase data showed that the parasite is responsible for the increase in the enzymes
in the hemolymph. Hemolymph sera (i.e., no cells present) from infected and uninfected hosts
showed no differences in acid phosphatase activity (cf uninfected hosts in Figure 7, to sera only in
Figure 8). Yet, there were significant differences with enzyme activity in whole hemolymph (i.e.,
cells present). The data indicate that acid phosphatase activity is intracellular (as opposed to
lysozymes that can be found extracellularly), and that the enzymes are primarily located in the
trophonts of Hematodinium perezi.
Proliferation/Injection studies
In aquaria, naturally infected crabs with light infections (0.33 to 1 plasmodium/100 host cells)
developed heavy infections (>100 trophonts/100 host cells) over two to three weeks (Figure 9).
The proliferation of the parasite was not consistent between light, moderate and heavily infected
crabs, in that, in some cases, heavily infected crabs survived as long as lightly infected crabs
(Figure 9). While the data are sparse, infections in male crabs appeared to fulminate faster than in
females. Some females held in aquaria survived for up to 25 days before dying from the infection,
with one female showing a decline in the intensity of the infection. The growth rate of the parasite
was calculated for the logistic growth equation. R, (a measure of population growth rate) varied
from 0.30 to 0.75 which was roughly comparable to that reported for malaria.
Needle injections successfully transmitted both plasmodia, and trophont stages to naive hosts. In
the first injection experiment, approximately 100 plasmodia (a relatively small inoculum) were
given to each of 15 crabs. Hemolymph was monitored weekly. No infections were observed after
6 days, but from the second week on, the parasites were observed in all of the injected hosts
(Figure IO). Light infections, characterized by plasmodial stages (1-3 plasmodia/100 host cells),
were observable after approximately 13 days in 14 of the 15 hosts. Moderate infections occurred
after 16 days, and heavy infections occurred after 30 days. Host mortalities to the infection
occurred after 17 days, peaked between 45 to 52 days, with the last infected crab dying 60 days
after the injection.
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The first injection experiment lacked an uninfected control group for survivorship comparisons,
but the main question was answered: the disease can be transmitted via needle injection.

In

addition, an important aspect regarding occult infections was unveiled. Densities of less than 0.33
4

parasites/ 100 host cells (approximately 1. 0 x 10 parasites/ml) cannot be effectively diagnosed
using routine methods. This was confirmed by reexamining crabs from Hungars and Red Bank
Creek (reference locations) after they were held separately for 5-10 days. Several crabs that had
been diagnosed as uninfected, had converted to light infections.

Hence, there is a prepatent

period of at least 8 to 10 days before infections can be observed. The proliferation of the parasite
is in sharp contrast to that reported for the cold-water species of Hematodinium in Tanner crabs
and Norway lobsters that may take 5 to 18 months to develop (Meyers et al., 1987, 1990; Field,
et al., 1992, Field & Appleton, 1995).

The time period is, however, similar to the 16 days

reported for H. australis in the Australian blue crab, Portunus pelagicus (Hudson & Shields,
1994).
In the second and third injection experiments, approximately 4.50 x 104, and 3.05 x 105 trophonts
were injected into each of 12 crabs, respectively.

Controls were injected with uninfected

hemolymph, or were not injected. Hemolymph was monitored weekly. Infections were observed
after 6 days, but in some cases they took over three weeks to develop. In the second experiment,
three injected crabs failed to acquire infections. In the third experiment one crab failed to acquire
the infection. In two cases infections regressed to plasmodial infections. The remaining infections
never regressed to plasmodia, but remained as trophonts through the course of the disease.
Unfortunately, several mortalities in the experimental and control groups precluded an assessment
of survivorship. Uncontrolled mortalities due to handling stress may have confounded data on
changes in circulating hemocyte densities, but preliminary analyses were consistent.

A few

infected crabs did, however, survive up to six weeks. Lastly, we have maintained the parasite in
the laboratory via serial infections through passages in several hosts.
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On a final note, uninfected hosts had significantly fewer granulocytes than their lightly and
moderately infected counterparts (83. 7%

± 5.4 sd vs. 90.8% ± 5.3 sd, respectively; n=13, 7;

ts=2.883, P<0.01, two-tailed I-test). The intensity of infection was highly variable with a mean of
32.1 parasites/100 host cells and a standard deviation of26.8. No effort was made to include host
factors (molting, sex) in the analysis, and heavily infected crabs were excluded. We are presently
documenting changes in the subpopulations of hemocytes from crabs in the injection trials.
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FINDINGS
DISCUSSION

Hematodinium perezi is endemic to the high salinity waters of the Eastern Shore. It has occurred
there at moderate levels for several years (Table 5). The parasite fulminates in small foci along
the Eastern Shore throughout much of the year, with small to moderate outbreaks occurring in the
mouth, and southeastern portions of the mainstem of Chesapeake Bay during the Fall.

The

disease should have relatively little impact on the large crab fishery in the bay and its tributaries.
However, the smaller coastal fishery is at risk to the parasite as the disease occurs in high salinity
waters, and epizootics can occur during the periods that may be sensitive to the region's crab
stock; i.e., spring (peak molting and mating periods), and the fall (end of migration and
reproductive periods) (Figure 11 ).

Hematodinium perezi is present at low prevalences in the main spawning grounds of the blue crab
in Chesapeake Bay; i.e., near the mouth of the bay.

The parasite occurred in the spawning

grounds during the Fall. The peak season for crab reproduction is late Spring and Summer (Van
Engel, 1958, 1987, Hill et al., 1989). Therefore, while crab reproduction occurs during the Fall,
the parasite is not present during the peak periods of crab reproduction. To reiterate, though,
1996 exhibited unusually high rainfall/runoff, and lower than average temperatures.

Salinities

measured at VIMS were well below the 20 year average. Since low salinities inhibit the spread of
the disease, the 1996 data may represent conseivatively low estimates of the prevalence and
spread of the disease in the bay's fishery.
Blue crab catches fluctuate yearly in Chesapeake Bay but the causes for these fluctuations are not
well understood (Figure 1). Current models that estimate the abundance and mortality of blue
crabs do not account for the potential effect of an epizootic of this parasite ( e.g., Casey et al.,
1991; Lipcius & Van Engel, 1990).

Since salinity appears to limit the distribution of

Hematodinium perezi (Newman & Johnson, 1975), the parasitic dinoflagellate could feasibly
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infect and cause significant mortalities to juvenile and adult crabs in Chesapeake Bay where
salinities are greater than 11 ppt; i.e., much of the mainstem of the bay. In the present study,
however, infected crabs were never found at salinities lower than 20 ppt.
Unlike fish, dead crabs generally sink, hence large mortalities may go unreported. Thus, monthly
sampling provided important clues to the rapid increase of the parasite in the crab population.
The high prevalence in October coupled with occult infections (early, prepatent, undetectable via
standard hematology) suggests that proportionally more crabs are infected and die in the late fall
periods.

Peak periods of mortality may kill a large portion of the population leaving only

uninfected and lightly infected crabs. This may explain the decline in intensity in November and
prevalence in December, and the low to moderate prevalences festering in the Spring.

Such

findings were reported for seasonal infections of nemertean egg predators on the egg clutches of
Alaskan king crabs (Shields et al. 1990, Kuris et al. 1991 ).
Temperature experiments by Gretchen Messick (NOAA/NN.IFS/Oxford Cooperative Laboratory)
and Dr. Bill Van Heukelem (Horn Point Environmental Lab) provide evidence that the parasite
may be lost at temperatures below 10° C. Hence, crabs surviving into the winter may either lose
the parasite or may have the infection reduced by low temperatures. The results are encouraging,
and suggest that hard winters coupled with high rainfaWrunoff (like 1996) may keep the parasite
in check or knock back large-scale fulminating epizootics. The apparent increase in prevalence
observed in Spring, 1997, may have resulted, in part, from the mild winter temperatures.
Two host factors were associated with the prevalence of the disease. The molt cycle of crabs was
hindered by infection.

This is not unusual given that other syndinid dinoflagellates cause a

cessation of molting in copepod hosts (see Shields, 1994, for review), and several parasitic
castrators cause anecdysis in crabs, including blue crabs (e.g., Loxothylacus texanus, Ragan &
Matherne, 1974; Overstreet, 1983).

Castration and anecdysis can arise from the physical

destruction of the androgenic gland or gonads, the competitive use of the host's reproductive
hormones, or via metabolic drain on reproductive growth. In the present case, the metabolic
drain on the host may account for the cessation of molting. Yet, a proportion of crabs with light
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and moderate infections can molt. Host sex was also an important factor. More male crabs were
infected than females. In addition, differences were observed between sexes in total protein levels
and acid phosphatase activity. Such differences suggest that males may suffer a differentially
higher mortality than females, but the prevalence data are not consistent with this finding.
In the present study few immature hosts were examined from endemic locations. Messick (1994)
found that juvenile crabs had a higher prevalence of infection than older, mature crabs (as high as
100% vs. 70%, respectively; prevalence in juveniles was generally 20% higher than in adults).
The possible impact of the disease on recruitment to the stock has not been analyzed during largescale epizootics.
We fulfilled a portion of Koch's Postulates through the introduction of Hematodinium perezi to
naive hosts. Needle injections successfully transferred the disease from infected animals to naive
animals. Infected crabs showed signs of weakness and lethargy, but only when the disease had
progressed to moderate and heavy infections. It is noteworthy that heavy infections of H. perezi
are virtual monocultures of the parasite. Densities of up to 100 million trophonts per ml of host
hemolymph were recorded. Radical changes in the chemistry of the hemolymph are obvious by
the lack of clotting ability, and gross discolorations to the serum. Studies are currently underway
to examine the pathophysiological changes in the hemolymph.
Recent studies have given a partial picture of the pathology of Hematodinium spp. from different
hosts. The route of infection appears to be through the gut as lightly infected hosts exhibit a
disruption of the muscle layer surrounding the midgut (Field et al., 1992; Field & Appleton,
1995).

As the parasite proliferates, the disease progresses with the degeneration of the

hepatopancreas and muscles, and a general congestion of the gill filaments and hemal sinuses with
trophonts and plasmodia (Meyers et al., 1987; Latrouite et al. 1988; Field et al., 1992; Hudson &
Shields, 1994; Messick, 1994). Proliferation in the hemolymph results in a dramatic reduction in
the hemocytes of the host even though the trophonts are not found intracellularly (Meyers et al.
1987; Hudson & Shields, 1994). Respiratory dysfunction is indicated by the low oxygen-carrying
capacity and the reduced copper concentrations of the hemolymph of infected crabs (Field et al.,
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1992). Respiratory dysfunction may also explain the lethargy of the host which is the main
symptom. Disruption of the hemolymph cells may result from the sheer number of trophonts in
the blood and their contact with the host cells. Infections are presumably fatal, but limited data
from injection studies and temperature experiments (Messick & van Heukelem, unpubl. data)
suggest that some crabs survive exposure to the parasite.
Description of need for additional work
Several lines of research would facilitate our understanding of Hematodinium perezi and its
spread in crab populations (Figure 12). The effect of environmental factors on the fulmination of
epizootics remains to be determined. Salinity and temperature appear to play key roles in the
spread of the disease but more data are needed to firmly establish their influences. Low level
monitoring of reference sites (i.e., Fall and Spring seasons) would help to provide better
correlative data with the environmental factors, and may give early warning of an impending
epizootic. Since we have established that the parasite can be maintained via serial passage, welldesigned laboratory experiments on salinity and temperature should be initiated. Serial passage
will also allow more life cycle studies, and should pave the way for full scale culture experiments.
We are currently examining host mortality due to the disease (NOAA# NA76FD0148, Project
#96-NER-l 74).

Mortality studies will provide estimates of mortality to the disease, and

additional details on the time course of infections.

The study includes research on the

pathophysiology of infection. We have also initiated an independent collection of the DNA of H.
perezi as we hope to develop a molecular diagnostic probe for use with other dinoflagellates (e.g.,
Pfiesteria piscicida).
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EVALUATION OF PROJECT

Were the goals and objectives attained?
The goals of the project were obtained. The broad-scale survey and monthly sampling gave
quantitative data on the distribution and abundance of Hematodinium perezi in Chesapeake Bay.
The parasite was found in the main spawning grounds and designated spawning sanctuaries near
the mouth of the bay.

Study of possible infections in larval crabs was not rigorous.

Many

samples have yet to be processed, and once analyzed they should help determine if larval crabs
acquire infections. The sheer number of crabs sampled helped to detail two host factors that were
either significant to the disease or were results of the disease: host sex and inhibition of the molt
cycle. Several aspects of the biology and pathology of the parasite were examined in some detail
including growth and proliferation, occurrence of occult infections and a prepatent period, affects
on protein levels (especially in male crabs) and activity of a digestive enzyme, and changes in host
hemocyte densities with infection.
This research fit directly into NOAA' s Strategic Plan {NOAA, 1995) by aiding in sustaining
healthy fisheries (via study of the epizootics), and in sustaining healthy coasts (via a better
understanding of the disease). Hematodinium perezi may alter the management of the coastal
blue crab fishery as current fishery models do not include higher estimates of mortality due to the
disease. To reiterate, the effects of Hematodinium spp. on the Tanner crab, Norway lobster, rock
crab, and velvet crab fisheries, and our current data indicate that H. perezi may have a significant
impact on the coastal blue crab fisheries along the Atlantic seaboard of the USA.
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Table 1. Infection status in relation to host sex. Only crabs from Fall, 1996, are represented.

Note the higher prevalence of the disease in male crabs (X2=80.44, d.f. = 3, P=0.001)

Sex
Mature female
Immature female
Mature male
Immature male

Uninfected

Infected

776

34

35

3

276

71

13

0
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Table 2. Infection status in relation to host sex by locality where sexes overlapped in large
enough numbers for analysis. Only mature crabs from Fall, 1996 are represented.
Fishermens Island
Uninfected

Infected

Mature female

13

0

Mature male

18

8

Uninfected

Infected

256

8

18

4

Uninfected

Infected

276

14

13

0

Uninfected

Infected

Mature female

23

8

Mature male

42
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Sex

(X2=5.03, d.f. = 1, P=0.025).
Lower bay, southeast
Sex
Mature female
Mature male
X2=11.598, d.f. = 1, P=0.001
Bay mouth
Sex
Mature female
Mature male
X2=4.03, d.f. = I, P=0.53, ns
Wachapreague Inlet
Sex

X2=1 .49, d.f. = I, P=0.23, ns
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Table 3. Infection status in relation to molt stage. Note that crabs in premolt and postmolt

stages were grouped for the analysis. While the intermolt is the predominant stage in the
cycle, significantly more infected crabs were in the intermolt stage than uninfected crabs.

Status

Intermolt Pre- or postmolt

Uninfected female

X 2=5. 986, d.f.

=1

414

351

Infected female

25

8

P=0.014 *

Uninfected male

170

92

X2=4.466, d.f. = I

54

15

P=0.035 *

Infected male

Table 4. Acid phosphatase levels in hemolymph of blue crabs infected with Hematodinium perezi.
Note the lack of enzyme in uninfected crabs versus that in infected hosts.
Status

Below detection
{0.1 SU/ml}
16

Above detection

Light

4

4

Moderate

5

11

Heavy

2

13

Uninfected

3

Chi-square=19.03, d.f.=3, P<0.001
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Table 5. Prevalence of Hematodinium perezi in blue crabs in Fall seasons from the Eastern Shore
of Virginia. No Fall sampling was done by the author in 1992 and 1995.

1991*

1994

1993

1996

1997

3/129 (2)

1/62 (2)

7/36 (19)***

4/15 (27)

34/99 {34)

31/256 (12)

23/89 (26)

Bayside
Nassawadox Creek

0/24 ( 0)

Nassawadox Creek

1/30 ( 3)

Bay at Nassawadox**

3/21 (14)

Gulf off Smith Id.**

3/9 (33)

Mattawoman Creek

5/8 (63)

0/21 ( 0)

Hungars Creek

4/14 (29)

1/21 ( 5)

0/19 ( 0)

Seaside
Chincoteague Bay, VA

2/27 ( 7)

Chincoteague Bay,

3/24 (13)

Wachapreague Inlet
Red Bank Creek

6/37 (16)

* Unpublished data kindly supplied by Dr. Frank Perkins.
** Additional bay samples for 1996 and 1997 are included in Figure 3.
***Several additional samples are being processed for the 1997 data.
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Figure 3A Winter 1996: distribution and prevalence ofH. perezi in blue crabs from
Chesapeake Bay. Black circles represent locations where the disease was found. Numbers
indicate infected crabs to total number sampled.
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Figure 3C. Summer 1996: distribution and prevalence ofH. perezi in blue crabs from
Chesapeake Bay. Black circles represent locations where the disease was found. Numbers
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Figure 3D. Fall 1996: distribution and prevalence ofH. perezi in blue crabs from
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indicated infected crabs versus total number sampled.
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Crab
host

Water
column/Benthos

.•"'

...

··············---•.,

/Schizogony and
: budding

\

t
?

'

,

'\
:

Plasmodium

Dinospore

Sporont?

Figure 5. Aspects of the life cycle of Hematodinium perezi.
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Figure 6. Total hemolymph proteins in blue crabs infected with Hematodinium perezi.
Significant declines in hemolymph proteins were noted for the heavily infected male
crabs(*) (ANOVA, p<0.05, Tukey's HSD).
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Figure 7. Acid phosphatase activity in crabs infected with Hematodinium perezi. Infected
crabs had significantly higher levels of enzyme activity (ANOVA for log (SU/ml), HSD,
d.f= 3, 50, P<0.001). For statistical analysis, halfthevalue for the minimum detection
limit was used for readings below the detection limit. Light infections had intensities of
0.33 to 3.0 parasites/100 host cells; moderate, 3.1-33 parasites/100 host cells; heavy, >33
parasites/100 host cells.
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Figure 8. Acid phosphatase activity in a moderate infection (crab #2416). The activity is
located in the cells, not the serum. Also compare the serum only value with that for the
uninfected hosts in Figure 7. The minimum detection limit is shown (dashed line). Both
whole hemolymph, and serum only samples were run in triplicate.
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Figure 9. Proliferation of Hematodinium perezi in naturally infected blue crabs. (A) Light
infections (0.33-3 parasites/100 host cells). (B) Moderate infections (3.1-30 parasites/100 host
cells). (C) Heavy infections (>30 parsaites/100 host cells). Females (dashed lines) and males
(solid lines). All of the crabs died.
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Figure 10. Course ofinfections during an injection experiment (preliminary data).
Crabs were give an initial inoculum of-100 plasmodia. Females (dashed lines),
males (solid lines). Crabs survived up to 43 days before dying from the infection.
Hemocyte densities were also measured. Temperature varied from 18-23 C.
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Figure 11. Temporal patterns in various reproductive patterns of female crabs shown with
underlying prevalences of Hematodinium perezi. Bars represent peak periods of activity; lines,
ranges of activity. Red Bank Creek is the "seaside" reference site; lower bay is the mouth, and
adjacent strata.
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Figure 12. Conceptual model ofidentified and potential factors that may contribute
to epizootics ofHematodinium perezi in blue crabs.

